The nitride semiconductor materials GaN, AlN, and InN, and their alloys and heterostructures have been investigated extensively in the last 3 decades, leading to several technologically successful photonic and electronic devices. Just over the past few years, a number of "new" nitride materials have emerged with exciting photonic, electronic, and magnetic properties. Some examples are 2D and layered hBN and the III-V diamond analog cBN, the transition metal nitrides ScN, YN, and their alloys (e.g. ferroelectric ScAlN), piezomagnetic GaMnN, ferrimagnetic Mn4N, and epitaxial superconductor/semiconductor NbN/GaN heterojunctions. This article reviews the fascinating and emerging physics and science of these new nitride materials. It also discusses their potential applications in future generations of devices that take advantage of the photonic and electronic devices eco-system based on transistors, light-emitting diodes, and lasers that have already been created by the nitride semiconductors.
Introduction
The discovery of p-type doping [1] [2] [3] Close on the heels of the developments in visible photonics in the 1990s was the discovery of a 2-dimensional electron gas (2DEG) at nominally undoped AlGaN/GaN heterojunctions 5 .
The formation of these 2DEGs was discovered to be due to the combination of the internal spontaneous and piezoelectric polarization fields and band offsets [6] [7] [8] [9] . Today, the Al(Ga)N/GaN heterojunction system, with a polarization-induced 2DEG and large bandgap channel and barrier, powers nitride high-electron mobility transistors (HEMTs) 10 . The high electron mobility and saturation velocity of electrons in the 2DEG with the large breakdown voltage allows high frequency radio-frequency amplifiers, and fast high-voltage switching.
Nitride HEMTs are making an impact in the arenas of microwave electronics for communications, and in energy-efficient power electronics. Recently, the discovery of undoped polarization-induced 2D hole gases in nitride heterostructures [11] [12] has raised the prospects for nitride high-voltage complementary electronic logic devices 13 . The digital CMOS challenge, frontiers of power electronics, and generating larger powers at microwave heterostructures, the exploration of the effects of spontaneous and piezoelectric polarization in these semiconductors, and advances in their processing and fabrication have laid a solid foundation for the photonic and electronic devices eco-system that the field enjoys today.
But no field should rest on its laurels. As the canonical nitride semiconductor materials mature, there are a number of new nitride materials that are showing glimmers of promise to significantly expand the device application space. This article provides a brief introduction to these new nitride materials, their fascinating properties, and a discussion of their potential applications. The materials discussed in this article, by no means comprehensive, may be new to the GaN semiconductor community, but they have been investigated by related research communities for quite some time. Fig. 1 shows the elements of the periodic table that these new nitride materials contain, together with the traditional III-Nitrides (AlN, GaN, InN) and donors (Si, Ge) and the only known shallow acceptor (Mg). 16 .
Boron-based Nitrides
More recently, ultra high-temperature molecular beam epitaxy (MBE) has been used for the growth of hBN on graphite at thermocouple temperatures ~1300-1700 C exhibiting strong luminescence at ~5.5 eV with phonon replicas and weak sub-bandgap defect emission [17] [18] .
The high-temperature MBE grown hBN exhibit properties closer to the single-crystal hBN obtained by the HPHT method. High quality hBN has also been prepared by the molten metal-flux method using Ni/Cr with isotope control of Boron exhibiting shifts of PL peaks of bandgap energy 19 .
Because monolayer hBN is made of $ chemical bonds, it can form either planar 2D sheets, or can roll up into nanotubes, in close analogy to graphene and carbon nanotubes. As opposed to the zero-bandgap, linear energy dispersion bandstructure of 2D graphene, and the sensitive dependence of the electronic properties on the radius and chirality of carbon nanotubes, hBN is an electrical insulator in both the 2D planar form and in the quasi-1D nanotube forms. Multilayer hBN has been found to exhibit an indirect energy bandgap of ~5.96 eV 20 , though with unexpectedly high internal quantum efficiency compared to common indirect gap semiconductors 21 .
Though synthetic methods for obtaining cubic BN were known to exist in the past 22 [23] [24] . Epitaxial growth of cBN is expected to be a next frontier for nitride materials science and is expected to yield rich rewards. On its own, the electronic and photonic properties of cBN promise significant surprises due to the light atomic masses and strong electron-phonon coupling, and are expected to be uncovered with advances in crystal and epitaxial growth over the next decade. In the nearer term, cBN offers a large bandgap and a high thermal conductivity comparable to diamond, to potentially take nitride RF electronics into power regimes currently limited by the highest thermal conductivity of the substrate on which the devices are realized. Diamond has been investigated and found attractive for heat removal in high power GaN HEMTs, and cBN can offer a potential epitaxial solution to this problem. In most experiments, the differences in polarization across heterojunctions manifest as internal electric fields or mobile electron or hole gases at heterojunctions, and are in The rather remarkable experimentally observed giant enhancement in piezoelectricity may qualitatively be understood from the following arguments: Sc is a group-III transition element, and can take an oxidation state of +3, similar to Al (i.e., it is isovalent). Therefore, replacing some Al atoms with Sc should keep the insulating nature of AlN (i.e., not dope it).
Nitride Extreme-Piezoelectrics and Ferroelectrics
The fact that the outermost electrons of Sc are in −orbitals instead of the and −orbitals of Al result in a major difference when it incorporates in the crystal. Because there are 5 [30] [31] . Because of the cubic crystal structure of ScN, one would expect that the effect of incorporating Sc into AlN should be to a) distort the lattice structure from wurtzite towards These alloys of transition metals with Al(Ga,In)N should be considered as extremepiezoelectrics (x-piezos), a valuable addition to the nitride family of semiconductors, with potentially far-reaching consequences. Because the spontaneous and piezoelectric polarization discontinuity in nitride semiconductor heterostructures are the basis for RF and power electronics, boosting the piezoelectricity by ~500% can lead to several novel device applications that combine the high current carrying capacity with high breakdown voltages.
The first steps to integrate ScAlN in HEMTs has been taken by MBE growth. HEMTs using such ScAlN barriers have been realized recently 35 , and promise an exciting foray into unknown territories for semiconductor device electronics. 
Magnetic Nitrides
Nitride RF and power electronics platforms can benefit tremendously if magnetic materials could be integrated seamlessly with the GaN material system. CdMnTe is electrically insulating, whereas GaMnAs has p-type conductivity. The holes in
GaMnAs are responsible for carrier-mediated ferromagnetism, which is absent in CdMnTe due to its lack of mobile carriers. 
Metallic and Superconducting Nitrides
The transition metals in the groups headed by Ti, V, and Cr in the periodic table all form highly refractory and chemically stable nitride compound metals. Several of them are In 2001, it was discovered that narrow NbN superconducting strips could use the above mechanism for ultrafast detection of single photons 53 . Because a finite voltage must drop across a metal to carry a current, the event of the detection of a single photon appears as a voltage pulse that dies out within picoseconds as the superconductor recovers. This mechanism is now used for NbN based single-photon detection, counting, and imaging at high data rates and high efficiencies, as long as the detector is cooled sufficiently below W .
Such nitride superconducting detectors are expected to play an increasingly important role in the future for single-photon secure quantum communications, and also for astronomy.
Epitaxial integration of such superconducting NbN layers with active nitride electronic and photonic emitter structures (e.g. single photon emitters) can lead to new forms of single photon detection paradigms, and to a unique platform for secure quantum communications.
Epitaxial nitride metals can potentially serve as buried interconnect layers in structures that the standard nitride metals. This is not too high yet, but it follows the trajectory of the cuprates. So there is reason to be optimistic for designer higher-W nitride superconductors in the future.
Conclusions
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